We sought to investigate prevalence and factors associated with FTT in a cohort of pediatric kidney transplant recipients and studied outcomes of those with FTT. We hypothesized that those with poor weight gain and growth prior to transplant, and those with bacterial colonization due to chronic urinary catheterizations, gastrointestinal intolerance to MMF, or signs of alloactivation in the form of de novo DSA post-transplant would be at higher risk for FTT. 
| ME THODS

| Study design and patients
| Definition of post-transplant FTT
FTT was diagnosed in children who fulfilled two of the following FTT criteria utilized in this study are justified by previous research in children demonstrating a significant increase in the risk of mortality for every 1 SDS decrease in BMI or height z-score in children with ESRD, 6 as well as by evidence that poor growth 7 and hypoalbuminemia are associated with PEW and higher all-cause mortality in children with CKD and ESRD. 
| Statistical analysis
All statistical analyses were performed using SAS 9. 
| RE SULTS
| Study population
Demographics and clinical characteristics of the study population are summarized in There was no difference in the age, race, or gender distribution of children with FTT compared to those without FTT ( Table 2 ). All transplant recipients were maintained on standard immunosuppression therapy with tacrolimus and MMF, and 64.7% of patients were receiving steroid therapy in addition.
| Factors associated with FTT
| Pre-transplant factors
Results of the bivariate analysis of factors associated with FTT are presented in Table 2 . Pre-transplant factors that were as- 
| Post-transplant factors
| Multivariate analysis of pre-and posttransplant factors
Results of the multivariate analysis for factors significantly associated with FTT after adjusting for age, sex, race, and eGFR are summarized in Table 3 
| Post-transplant FTT and outcomes
Results of the Poisson regression analysis for association of FTT with adverse outcomes as defined by hospitalization and infection over 1 and 3 years post-transplant are summarized in Table 4 .
Patients with FTT had 2.7 times increased number of infections 
| D ISCUSS I ON
As FTT is uncommon after transplant, it has not been the focus of prior research and little is known about it. Rather, there has been extensive research concentrated on risks and outcomes related to obesity and weight gain, as this is a very common comorbidity in both children and adults post-transplant. 10, 11 Our study was the first to investigate the under-recognized cohort of children who struggle to thrive after kidney transplant.
In our study population, the prevalence of FTT was 21.9% and and requirement for CIC was recognized as a major factor associated with failing to thrive during the first 3 years post-transplant.
Additionally, children with post-transplant FTT had increased incidence of infections and hospitalizations.
Low BMI prior to transplant was significantly and independently associated with FTT at 1 year post-transplant, but did not persist at 3 years post-transplant. Pre-transplant factors such as inadequate nutritional intake related to poor appetite, feeding intolerance due to delayed gastric motility and emesis, delayed oral motor skills and aversions are known to contribute to negative energy balance and poor weight gain in children with ESRD prior to transplant.
12
In addition, dialysis-related nutrient losses of protein, water-soluble vitamins, minerals such as zinc, and carnitine deficiency also contribute to malnutrition, poor growth, and muscle weakness. Indeed, the most striking association with FTT was the requirement for chronic CIC, which increased odds of having FTT by 3.8 and 7.8 at 1 and 3 years post-transplant. In children with ESRD, 20%-30% have structural abnormalities caused by lower urinary tract disorders which may require bladder augmentation and subsequent dependence on CIC after transplant. 14 CIC and augmented bladder are associated with significantly increased risk for UTI post-transplant. 15, 16 In fact, in a recent study of pediatric renal transplant recipients who required CIC, 87.5% developed UTI. 15 The occurrence of frequent UTI and the associated inflammatory response likely contributes to the increased odds of FTT in children requiring CIC post-transplant. In addition to inflammation that occurs during acute UTIs, 17 we hypothesize that the process of chronic CIC, which requires introduction of a catheter every 2-3 hours, may also induce a chronic state of systemic low-grade inflammation that may predispose the child to FTT. 18 Whether due to chronic inflammation or repeated acute inflammatory responses associated with recurrent UTIs, the relationship of inflammation with malnutrition and FTT is multifactorial and has been well described. Inflammation is known to disturb neurological pathways that regulate appetite, causing anorexia and decreased nutritional intake, while simultaneously increasing resting energy expenditure. 19 Inflammation is also directly associated with increased protein catabolism and decreased anabolism, all of which lead to negative energy and protein balance, weight loss, muscle wasting, impaired growth, and hypoalbuminemia. 20, 21 Other mechanisms induced by inflammation, including activation of the ATP-ubiquitin-dependent proteolytic syndrome and resistance to anabolic hormones including insulin, growth hormone, and testosterone, also contribute to muscle wasting and poor growth. 22 Taken together, these processes associated with inflammation explain why children with bladder augmentation requiring CIC are more likely to have FTT after kidney transplant.
Intolerance to MMF was associated with FTT at 1 year posttransplant in the bivariate analysis, but did not remain significant in Total number of children in study population at 3 years post-transplant. * Significant association (P < 0.05) by Pearson chi-square test. ** Significant association (P < 0.05) by Fisher's exact test. *** Significant association (P < 0.05) by Two-sample T test. 
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